Objective: Recent studies have demonstrated the presence of the IGF-binding proteins (IGFBPs) and prostate specific antigen (PSA), an IGFBP protease, in human breast tissue. We sought to investigate the differences in serum IGFs, IGFBP-1, -3 and -6, and PSA between patients with surgically proven breast cancer and patients with benign breast disease. Design and Methods: Concentrations of IGFs, IGFBP-1, -3 and -6, and PSA were determined in the sera from 57 patients with breast cancer (CA), and 46 women with benign breast disease (BBD) using immunoassays for IGFs and IGFBPs and an ultrasensitive ELISA for PSA. Results: The mean (Ϯ S.E.M.) serum IGFBP-6 level in the CA group, 127 (16) ng/ml, was statistically significantly lower than in the BBD group, 157 (10) ng/ml (P = 0.016). Patients with CA had an elevated geometric mean serum PSA level of 0.018 (range: 0.0015-0.107) ng/ml, compared with 0.007 (range: 0.0015-0.019) ng/ml in women with BBD (P = 0.025). Mean serum IGFBP-1 concentrations were significantly lower in the CA group, 16 (2) ng/ml, versus 37 (4) ng/ml in the BBD group (P = 0.001). Mean serum IGFBP-3 concentrations were also lower in the CA group versus the BBD group, at 1981 (65) ng/ml, versus 2603 (140) ng/ml (P = 0.002) respectively. In the CA group, statistically significant correlations between PSA and IGFBP-6 (r = 0.413; P = 0.001), and between PSA and IGFBP-1 (r = ¹0.329; P = 0.021) were seen. Differences in IGF-I and -II between the two groups were not statistically significant. Conclusion: Lower serum concentrations of IGFBP-6, -3 and -1, but higher PSA concentrations were seen in the breast cancer group, and collectively these would suggest that there is an increase in bioavailable IGF-I in breast cancer.
Introduction
Breast cancer is the most common female cancer and is a leading cause of mortality in women. Recent findings have shown that the insulin-like growth factors (IGFs) and their associated binding proteins, the IGF-binding proteins (IGFBPs), are involved in cancer cell proliferation. Both IGF-I and IGF-II have been shown to be potent mitogens for transformed breast epithelial cells (1-3). In addition, recent findings have suggested that higher plasma levels of IGF-I are a significant risk factor for the subsequent development of breast cancer (4) , and of prostate cancer (5) . The IGFs are predominantly bound in serum and various body fluids with differential affinities to the family of IGFBPs, which have been shown to modulate their biological activity in several experimental systems (6) (7) (8) . Early studies attributed the growth modulatory action of the IGFBPs to the competitive binding of IGF-I and/or IGF-II thus reducing the bioavailability of the free peptide for the IGF receptors (9) . However, more recent evidence points to a direct role for IGFBP-3 growth inhibition independent of its IGF-binding properties (10) (11) (12) . Other IGFBPs have been less well studied, partly due to the unavailability of specific antibodies.
In addition, the kallikrein glycoprotein prostate specific antigen (PSA), a known protease of IGFBP-3 (13, 14) , has recently been identified in breast tumors (15) and in healthy normal female breast (16) . In the present study, we have attempted to evaluate the role of some of these factors in breast cancer and have used newly available assays to measure serum levels of IGFBP-6, a relatively newly characterized member of the IGFBP family which has a strong preferential affinity for IGF-II (17) , and PSA, a known IGFBP protease. We also measured serum levels of IGFBP-3, IGFBP-1, and total IGF-I and IGF-II in our study populations of women with breast cancer and in a control group of women with surgically proven benign breast disease.
Subjects and methods

Subjects
A group of women with breast cancer (CA, n = 57) and a control group of women with benign breast disease (BBD, n = 46) were recruited as our study populations. The women were similar in menopausal age and status, and were considered postmenopausal if menses had ceased spontaneously at least 6 months earlier. The breast cancer group consisted of 57 women with primary breast cancer (mean 53.6 years, standard deviation 9.5). No member of the breast cancer group of women had had preoperative chemotherapy or radiotherapy, nor did any cancer patient report any significant weight loss subjectively. The control group of women was selected from a national breast cancer mammography screening trial, all of whom underwent surgical biopsies over the same time-period for mammographic abnormalities. These patients were all confirmed to have benign breast disease on histology (mean 54.0 years, standard deviation 6.1).
Serum was collected after overnight fast immediately prior to surgery from both groups of women and transported to the laboratory where they were aliquoted and stored at ¹70 ЊC until assays were performed.
The study was approved by the institutional and national review boards.
Assays
Serum IGFBP-1, IGFBP-3, IGFBP-6, and IGF-I and IGF-II were measured with immunoassay kits from Diagnostic Systems Laboratories (TX, USA). Assays were performed following the manufacturer's instructions. All the samples were assayed for each IGFBP/IGF in a single assay and the intra-assay coefficients of variation were all <10%. Total PSA was measured in a single batch using an ultrasensitive ELISA assay (Abbott Laboratories, IL, USA) with an analytical sensitivity of 0.003 ng/ml and an intra-assay coefficient of variation of <10% at 0.005 ng/ml. PSA values that were below 0.003 ng/ml were assigned a value of 0.0015 ng/ml. No more than 5% of the total number of samples in both groups of women fell below the 0.003 ng/ml level. The IGFBP-3 assay measures both intact and proteolyzed fragments of IGFBP-3 (18) and serum samples for IGFBP-3 analysis required a 100-fold dilution prior to assay. Serum samples for IGFBP-6 analysis required a 20-fold dilution prior to assay. Cross-reactivity between the IGFBP-6 and IGFBP-1 assays with IGFBP-3 was less than 0.02%. (An IGFBP-3 concentration of 5 mg/ml was not detectable with either the IGFBP-6 or IGFBP-1 assays with sensitivities of 1.1 ng/ml and 0.33 ng/ml respectively.)
Statistical analyses
The unpaired Student's t-test for statistical significance was used to compare the means of measurements between two groups. For serum PSA, which had a skewed distribution, calculations were performed after natural logarithmic transformation (1 + ln x), and the geometric means were calculated from the anti-log. The Spearman correlation coefficients were calculated for any two measurements within the breast cancer and the benign breast disease groups of women. All data analyses were performed using the Statistical Analysis Systems package (version 6.11; SAS Institute Inc, NC, USA).
Results
The mean (Ϯ S.E.M.) serum concentrations of all the measurements in the two groups (CA and BBD) are shown in Table 1 . Statistically significant differences between the two groups (P < 0.05) were seen in the mean serum concentrations of IGFBP-6, IGFBP-3, IGFBP-1, and total PSA. The mean serum IGFBP-6 level in the CA group, 127 (16) ng/ml, was statistically significantly lower compared with the control BBD group, 157 (10) ng/ml (P = 0.016, Table 1 , see also Fig. 1) . Similarly, both the mean serum IGFBP-3 and IGFBP-1 levels were significantly lower in the CA group (P = 0.002, Table 1 ) compared with the BBD group. Thus both IGFBP-3, which is the main IGFBP in serum, and IGFBP-1 were significantly lower; and IGFBP-6, which has a much higher selective affinity for IGF-II, was also lower in the CA group of patients.
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IGFBP-6 and PSA in breast cancer 165 The geometric mean serum total PSA in the CA group, 0.018 ng/ml, was significantly elevated compared with the control BBD group of women, 0.007 ng/ml (P = 0.023, Table 1 , see also Fig. 2 ). The differences between the two study groups in mean serum total IGF-I and IGF-II were not statistically significant.
The correlations between any two measurements within the CA group are shown in Table 2 . The strongest correlation seen was between the serum levels of IGFBP-6 and serum total PSA (r = 0.413, P = 0.001). A less significant (inverse) correlation, between serum IGFBP-1 and PSA, was also statistically significant (r =¹0.329, P = 0.021). None of the correlations between the other measurements in CA patients was statistically significant. In contrast, in the BBD group of women, none of the correlations between any two measurements was statistically significant (data not shown).
Discussion
There has been an increasing body of evidence that suggests that the IGFs and the IGFBPs may be involved in human breast cancer. Studies using cell lines have shown that IGF-I, IGF-II and several IGFBPs have growth-regulatory properties (2, 3, 12) . Several studies have demonstrated the presence of IGF-I (19), IGF-II (20) and the IGFBPs 1-5 in normal human breast, and in breast cancer tissues (21, 22) . The IGFBP proteases, PSA and cathepsin-D, have also been similarly demonstrated in breast cancer tissues (15, 23, 24) . In the present study, we have compared prospectively the serum measurements of IGFBP-6, -3 and -1, IGF-I and -II, and total PSA, using recently developed immunoassays, between two groups of women who underwent surgery for abnormalities found on mammography screening for breast cancer. Our study has shown significant differences in serum measurements that together suggest an increase in bioavailable IGF-I and IGF-II in patients with breast cancer. The present study reports for the first time a significantly lower mean serum IGFBP-6 concentration in women with breast cancer. There are no previous studies on serum IGFBP-6 in cancer patients, as specific immunoassays (25) have only recently become available. IGFBP-6 differs from the other IGFBPs in the absence of a conserved local motif within the N-terminal region, and has a much greater affinity for IGF-II than for IGF-I, unlike the other IGFBPs (26) . A lower serum concentration of IGFBP-6, in the presence of similar serum total IGF-II concentrations, would be consistent with the suggestion of an increase in the bioavailable IGF-II in the breast cancer patients compared with the controls. This finding might be important in light of the demonstrated role of IGF-II in cell culture systems in the regulation of growth of breast cancer cells (2, 27) .
Our study found significant differences in IGFBP-3 and IGFBP-1 mean concentrations in our breast cancer patients. Previous studies of IGFBP-3 in breast cancer have reported conflicting results of a lower (28), higher (29), or no difference in serum values (30) compared with control groups. Our study found a statistically significantly lower mean serum IGFBP-3 level in breast cancer patients and supports a recent large prospective study which found an inverse relationship between serum IGFBP-3 concentrations and breast cancer risk (4) . The use of differing immunoassays in the previous studies might explain some of the discrepancy. Another possibility might be the selection criteria of the women used as controls in our study, in that all of them had identical clinical criteria to the breast cancer group prior to obtaining histological diagnosis.
Our study also found a significantly lower serum IGFBP-1 concentration in our breast cancer group of women, which has not been found by previous groups (29, 31) . Again, the strict criteria in obtaining serum from all our patients and controls in the fasting state immediately prior to surgery might be a possible reason for our finding. Our findings may be relevant to those of several groups who have recently reported undetectable levels of IGFBP-1 in tumorigenic breast tissue specimens (21, 22) , and in breast cancer cell lines (7), suggesting a down-regulation of IGFBP-1 synthesis in breast cancer.
The present study did not find any differences in serum total IGF-I or IGF-II levels between our two study groups. However, since IGFBP-3, which is the main IGFBP in serum, and IGFBP-1, which is thought to modulate the free fraction of circulating IGF-I (26, 32) , are both lower, our findings would strongly suggest an increase in the bioavailable IGF-I in patients with breast cancer. This would be consistent with a recent large study of breast cancer (4) and of prostate cancer patients (5) suggesting that IGF-I may be an important factor in cancer risk. There is also evidence to suggest a direct inhibitory role for IGFBP-3 that is independent of IGF-I (10-12) and the lower serum IGFBP-3 concentrations found in the present study may thus be relevant also.
Our novel finding of a significantly higher PSA level would be consistent with previous isolated case reports of elevated serum PSA in breast cancer patients (33) . Previous studies have demonstrated the presence of PSA in breast cancer (15, 34) . The higher serum PSA levels in our breast cancer group of women, compared with our control group, may possibly reflect higher tissue levels, which may increase bioavailable tissue IGF-I, as proteolysis of IGFBP-3 would decrease its binding to IGF-I (13). Our findings of statistically significant correlations between PSA and IGFBP-6, and IGFBP-1, have not been reported previously. Our data allows us to speculate that the elevated PSA levels in the breast cancer cases are related to the decreased binding protein levels, because of the known property of PSA as a binding protein protease. Although previous studies suggest that PSA in serum is probably enzymatically inert, the possibility remains that PSA at the tissue level in breast cancer patients may have IGFBP proteolytic activity.
In conclusion, our study shows that serum levels of PSA were significantly higher, and serum levels of IGFBP-6, -3 and -1 were significantly lower in our breast cancer patients compared with patients with benign breast disease. Although serum IGF-I and -II did not differ between our study groups, it is reasonable to infer that bioavailable IGF-I and IGF-II would be higher in the breast cancer group which may have significant clinical implications. In addition, the novel finding that IGFBP-6 was significantly lower in our breast cancer group of women would suggest that further studies on the role of IGF-II in human breast cancer may be valuable.
